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- AmTUc’r

Solar awrqy system per forrrarce data for me
hratinq senscn ati tk,c ccmling 21MSCXISare qivcn
for th? LCG Alanm Natiaal Sccurit and
Rcsourccs Study Center, a 60 COO !t 3
crnfcrencw center ir.rd librcmy at the k= Al,mrm
Scientific L2tmatory, New Mexico.

TIXI .=1 ar cncr qy system for the Study Center
cmn~ists of an BOCOfL2 arrav OE selectively
co3tud, sinqlc-glazed mllmtors, a 5000 qallon
prcssur i ZCCItalk for tnt storaqe in tkc ca)l i nq
rode, md a 10 000 qallcn talk, which is used
to: l-nt storaqc in th heat irq rrcde and cmld
StlXiNJL’in the ccnlinq lNX!r?. Either OE t%o
chillcr~ may be und in sr-r ics with the ~ld
storaqe tank, an 85 tm alworpt icn unit, or a 77
ton R,mk int’ c;cle unit. Niqht eva~rat ive
caling is alrn usrd tm ccml the
10 000 qallcm Link. A heat recovery unit is
USN] to prdIPtit Fres!l air in ttw winter, and, hy
n,(+ms OE spray ilx] ttn exhaust air, to pr-cml
frc~h air in tkc sr.mrer.

Daily, nvithly, and scasrml m?rqy sunt’narics
arc presented for th wystcm. Per [mmarm data
for tlw &o chillers irclufJcI M3ulaticm of
thcrr%il. CIncluyntcm cu?ff. icients of performance.

t)is(mscimm of svstrrn opratinq fwpcr irmccs are
incl(l:lcd, particularly d ttr rbvcloprcnk of
opt iriu.u ml m ml i riq stratcq its, which
iccrcdsd the :K31m cmlinq frdctim from 81% in
1977 lXI !)71 in 197LI. l’hc ml;w Imtirrq fractim
[or tlc systcm wdn 790.
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Hwc system—.

The HVACsystcm is iI tk-zorw (~rr inwt~r and
intc’r ior) var i able air volume sy~tc,m with
separate wpply and return fans and ccnlim
mils for each zone. Hot water roils for
heating are proviclti in the perim ‘tcr zmc cmly.

Ttn air handlinq system features r-irculation
of inside air, and a teat pipe brat recovery
unit in the pcr imet er zone system serves two
functirns: to preheat curtsic!c air in the
heat inq mode; and, Ly means of uprayinq the
extwust air, to prmml outsirb air in the
cmlirlg male. The light fixturt?s are cmlrd by
the return air. The rr.lin air suppl!~ units each
have a cmling roil, an air wcmhcr, ati a supply
fan.

IYrerqy Systcrn

The cmerqy system mmsists of t},c salar
CO1lK tor array ard heat cxchanqcr, tm str)raqe
tanks, and two water chillers - a lithiun+hrrmide
abwxpticn ch] 11.er, ati a Rankirre cycle unit,
either of which mn be usd for mmparative
studies of rolar air-cotiiticminq. The
ml 1rc to’ are Eahr icatcd of mild steel, have a
selcctivc SULfaa of black chrme, an] are
sinqleqlazed” with water-white glass. Four
hundred iwd seven coll~tors are conr?ectd in
parallel to form the array. The collrctc!rs are
cuolcd with a light paraffiric oil heat transfer
fl,uicl.

In the hcatinq male, a 10 000 gallcn tank is
used tn store Ilot water fcr brat il:q. In the
cmalirrj ti~, i] 5000 rj~l.lon prcs~urizml tank is
used tc store solar ;lot water to operate either
of the chillers, ml ald watrr is storrd in the
larger tank. Cold water is qcnerat~ ei:!lcr lY?
cm of th? c!lillr!rs, which nrc in scrie!; with
th? larqer t;)]lk, or l?{ ni(,;ht, evaporative cm,] inq
with n MO (IIm c.u~linq tower, which is mrnwlly
u:;cd to rcjwt hctit, from t)h~ chill t’rs,
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SY!:I’H1 CXJi.ltA’rKG

. . Wintcr -Mdc - !lc”~ti nq
me 1 - M] m }Ieating
HXI(?2- Auxiliary hating

Swrmer F* - Cmlinq
Fkde3- .Solar Ccnlinq
M@?4- Auxiliary (blinq
W 5- Cmlinq frcun rmld
Mcdc6- Niqht EXirporat ive

Ncnt inq controls—.
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Storaqc
Cold Storage

tot hater
[rr heiitinq ‘at a tenpe;ature cf 140°F if the
mbir!nt tmpcraturc is O“F, and 7LI”Fif the
ard)ient i:: 70”F, with a linmr prr)filo ds a
furctitm of arhicmt tmperatuKe. I f the storwl
snlar hnt w,ltr7 dr~. bnlcw ttw rcqui rcd
tmpcratwc, ttw auxiliary sy~t~m is UC* for
heating.

Cm] i ng Crmtrch.—

‘h cxml i nq ccmtrol. systcm reqlliitcs the f dn
dischmqe Lmrppraturc to satisfy Lk hui ldinq
Ccoling lW1. Tne bl~lrlinq c-1 inq ~uencc’ is
tctivatw.1 in F.W Eollainq orde”r:

1. Full F’rc~h Air
2. ~lir Wshcrs Start
3. Extwrzt Spray
4. Chilled Wter frun Cold St.oragn
5. Wiitcr Chil 1w Start:;
In ttc Originally inntnl 1d :iyztr:m, nncn

chiller opcrfitim was allml frjr, stored solar
M w~tcr was unml to prov ick? onrrqv to the
chiller witi 1 the tr~t water tank Wrperaturc
Clro@ tnlm 170” F. Aux i 1 i ,wy hot wi~tor was
then Lmpplid at 190”F until the stornqr? t,ank
W~5 heatd to 180” F. At thu end of tlw 1977
rmlinq fiystcm, rralifi=timni wwo made b the
control systcm m ilrprove the ut i 1izatim of
=lu cn~~qy. In the pretient mnfiquraticn, the
dli lh’r is %timtal whm tlm M stornqp tank hm
bc’n hmtnd utmve 1003F, rcqnrdl.c~s of whether
th? huildirq iz cal Iinq for ccmling. The
Chill[”r amt inur!s Lo operate until the hot tnnk
drops hclcw 170°F or until t~ cold tunk drops
bclw 40”F. Auxiliary opcratirm is prohit)itrd
if tlm cold !Xorage tank if; hlw G5°k’. ‘l%is
rml i f im! cnntrol Schrmo irnprovcs uyst.cm
per formnnm ~ rurininq the chi 1ler wtmn the
callwtors arc o.pcrntinq, ttmrc~ rtiuclnq
ml Icctor WrPcratures; forcinq l.rnq ch illmr
opcrnkinq timrs dt. full capacity; proh~bitinq
auxiliary opxatirn until cold ~tordqc is
cxh’1 HXed .

Atxmt lfiO ch:mnr’15 d in:;trmwmt;tirn me
insta] Id in ttx~ tui ldinq [(J1 tt.- pr~}~e of
evdluaf. ilq Llr :.~~~t(l~ ppr ftin:ancc. T@;e
mw:;urwwn~,:; 17..n5i ct pr irr.lr i] v of flew rates arKl

tcnpwature d i CCwwms fn dlJ of th? o%wryy
WtJsy=t cm;. In adfliticn, cl-~rical Per
Camuiptiuv; of al 1 of ttm pq~i aid fans are
mcwsurr.xl. ?.7fit tcrpraturos arc mw9urrd usi w

platinwn rcci St;JllL~”ttmrnunetcvs. FIc%s arc
measurd with turbine f lmm~tc”rs * Armuhdr
probes. S~lar flux is mcanurd in the IJlillW of
thn cnllcctor -I in thn hor izontal Dlarie. IMta
~uisitirn is Crmtrolld by a P*ll/34
ccuptcr, which ;iutomatically provides per itiic
eneryy sumar i es Ea displav arrl storage.

‘MIpWatuH” probes wru ~libratcd in the
laboratcxy ilrrl as i nstallcd, arrl matched for
terqxvaturo di ffercnce msesumnents. The
rc.solutirn amJ d-racy of the resistance prrkes
arc .O!i°F and (1.2*FP respectively.

Mmthlw?wrnv Swnrary—.— —-—

Th rnrmndn ily values of systcm aeryies are
g ivo) in ‘J’alJIL*1. Generally, tl~ cldta report ~d
hCrC’ #Ue OUrfJ](:kC. &casirx]al.ly, cm day m
part r)f a rkly Wa:; lozt Ior tLny qivml mmth. 111

t.025f?r.smcs,cstimtos wrc rr.K!o of tlw daily

CIIW gy viIl LIVS to cxmplctc month?y rmorrls of
daily munar it+. ‘I’M cffrxt of the udinq
ccmtrd. Lystcm Irrxli f icat irsw Ci#l h m!en i a tb,-
irur’dsfi in pwwnt alar f rrxn ttw 1977 to 1TJ3
ccnl ing rxw:x.m (R5’Lto 97%). Ih in is
particularly cvi(kvrt in the Auqunt data (747J to
100%), l’bI para::i t ic prmr t~?rmi ncl II(%% t oth
aolin pmpi, M wntcr launpn, chillmi wdtcr
~l:p, crdi IYJ Lfhw’r !iln, Corldcmor pure, fJhd
ch i] I.c*r int crndl prkwr cx.mumpt im.

Chl 1.1w Pm frxmance— .-— —. ..- .-

Cczqmat ive dlil lcr per fornmnce data arc
stmmr izcd in ‘Mlc 2 f= the 19?0 cm? inq
Senm . The -r i.sm is k+twen the atiorpt icm
alwl t ho Ranki rw u . Thermal, solar, and
system uhf f icimtc of per formmcc are given.
T& thQHIIdl COP h: We ch i] 1w CDIC1water outpt
mcrw dividcct t~ t.lm chilhx hot wtcr in~t
energy. TIU S01ilr ard systrm W]% arc ttw
chiller cutpt divided by thn s~stm el~tr ical
cnqy Infut, The SCJhZ ml 1cctor \Wp ml hnat
exchmqrr Furp, ch i.1let tot wdtcr wrp, ml
chill w 1nternnl pxwwc arc usrd in ti-e rilar
m? Calcul,dt his. The chilled inter rump, tho
condrnscr pu:rp ml cm! ing tower fan pww arc
nddcd to (ZJ1CUUlt!? thr! system ~p.



Solar Sv5tc:r Pr’rfer5-mc~——. -—- —— --- ru3i’Iti’:m’s

Figurs? 4 n}rws the prtims of tt?r! bildinq
htjating 10til prm/idd b~ Snldr an] auxil iacv -d
tt.e 19-/7-78 t.mt irq maxfi. Fiquru 5 m-r i Zcs
th? chiller t?ct w,~tm csxmnptim ad chillc<l
water cutyt fcx’ the 1970 cmlinq 5camn.
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1. Il. 1S. Xurrav, J. C. ll~dstrm, ,1. D.
LM1(X7!) # “S01 ,lr Ilcnt ing and C-)1 inq Pm [mmncc
of the Ins Al:m<=j Flat irrml S~cL.r ity m!
Remlrcc:; SL(Y!y d,ntcr, CC?W’1::7.3 Cm fermce,
lllr~~ldmr f, April 19-23, 1978.
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Fig. 3. Cooling s(~as,cm collector input\output.
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8

9
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I

1.

i
2

3

4

1 5

I
G

‘)
I

I fj

i9

Cor,
Y}( I?I— ——

77 1650

77 1729

77 lcf37

77 1499

78 1403

78 1603

7a 1000

78 2.IG5

70 1913

78 1959

73 lC;!G

78 11J22

70 2050

MAY

COL
OUT.—

437

408

563

501

465

502

595

610

368

400

416

437

3/;5

(/ iller Cold wdtcr Input

AUG SEP

k“ig. 5. Chiller pe,formancc.

TALW.X1

NATI~ViL SIJ2URITYfJTI Rl150WCES STUDYCkXTER, UX AI.AWS, NM

mm SIJYW!!Y

Cor,
IN-.—

378

351

647

527

4eo

507

593

594

346

372
391

4oa

334

:;TOR

SH I,D—-—

0
0

482

434

387
4:vi

473
W-7

0

0

0

0

0

STOR

Dl 1}/.—

12(Z)

12 (~)

11

11

13

?3

13

11

15

13

11

9

6

~%)—..——
436

271

0

0

0

0

0

0

282

337

373

360

25G

Unit:: Euu/f tz da’)

(1) TtJt,Il c:tlillcv cnc’rqy including :r~xi Lie? \ .

~;(l)—.-
237

161

0

0

0

0

0

0

201

231

X9

253

Mi4

STOR rRSTC
LOSS POWER— -.-— —

47 -

88 -

154 33 (~)

82 36 (2)

80 34

73 36

107 37

66 36

49 55

4.1 69

do 71

39 67

72 57

SYS CO!4

COP ~~E,
—--

26

24

14.9 35

12.4 33
1~.a 33

12.1 31

13.1 33

14.7 2a

3.6’3 19

3.37 21

3.63 23

3.7? 24

2.80 18

t
AL!x sOL

K ’74

9 97

65 %

158 74

239 63

190 70

77 86

3 99

0 100

19 95

33 92

0 lCO

o 100

(2) F;!.”lF.1;?,1t d .
t

----
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CHILLER

5

G

7

8

T

5

6

7

8

T

Am

ARs

ABs

MS

ABs

RANK

F’L4NK

mix

RANK

RANK

4U3

8994

2329

4827

16553

8370

1131

9247

6343

25096

244

6209

1408

31.83

11044

6001

738

6614

4668

12!371

TABLE 2

AhD RFWRCG WUDY

FIWWY+%WE CATA

CFli’?m

QlJ7J-yf KI’dE.R SCIIAR iwhm SYS

COP sorAR COP ‘Iwr COP—.

.605

.690

.605

.660

.667

.717

.652

. 715

.735

.718

37

1162

285

560

2044

909

141

1001

635

2686

6.62

5.34

4.94

5.68

5.4

6.60

5.24

6.X!

7.35

6.71

59

1787

460

939

3425

1556

224

1753

1133

4666

4.12

3.06

3.06

3.39

3.40

3.86

3.28

3.1’1

4.12

3.87

Energy Units: BTlJ\ft2


